Objectives-There are circumstances in which partial seizures may be misdiagnosed as acute psychiatric disturbances. In particular, when fear is the prominent feature the patient may be considered for years as having panic attacks. Eight patients in whom fear was the main symptom of the seizures are reported on. Patients who had a proved lack of consciousness during the fits and patients in whom fear was just fear of having a seizure were excluded. The ictal involvement of temporal limbic and frontal structures in those patients with fear of particular intensity was studied. Methods-The localisation of the epileptogenic zone was assessed by prolonged interictal EEG recordings as well as ictal video-EEG recording of at least one seizure in every patient; five had ictal SPECT and four had chronic stereotactic implantation of depth electrodes (SEEG). In six patients, a cortical resection was performed with an Engel's class 1 outcome (minimum 28 months follow up, except for two patients). Results-Localisations of primary epileptogenic zones were right temporal in three patients, left temporal in three, bitemporal in one, and frontal in one. In all cases, diagnosis of epileptic seizures could be clinically evoked because of the stereotypy of fits and of associated symptoms. The association of a fear sensation, autonomic symptoms, and coordinated behaviour suggests disturbance of a particular system. The SEEG data argue for temporolimbic and prefrontal lobe involvement in the expression of ictal fear. Conclusions-In intense ictal fear, with coordinated behaviour and autonomic features, the discharge may involve or interfere with a physiological complex information processing network. This network involves orbitoprefrontal, anterior cingulate, and temporal limbic cortices.
The diagnosis of partial seizures is often delayed as some of them are misdiagnosed as psychiatric disturbances. When fear is the prominent feature, the patient can be considered for years as having panic attacks. As the seizures have usually not been seen by the physician or recorded on EEG, the mistake can be responsible for therapeutic failures, as underlined by some reported cases. [1] [2] [3] [4] [5] In the literature, ictal fear is usually associated with involvement of the amygdala 6 or anterior cingulate. 7 We report on eight patients in whom fear was not a vague feeling but was associated with a special behaviour and was the main symptom of the seizures. We studied the ictal involvement of temporal limbic and frontal structures in those patients.
Patients and methods
Six patients were investigated in Rennes and two in Nice. For all of them complete history, seizure description by the patient and their family, neurological examination, and MRI were available. We excluded patients in whom fear was fear of having a seizure and patients with clear lack of consciousness in every seizure. The patients had no falls during seizures. Prolonged interictal EEG recordings as well as ictal EEG recordings of at least one seizure were carried out in all patients. In every case an epileptologist or a specialised nurse examined the patient during and immediately after the seizure. Five of them had interictal and ictal single photon emission computed tomography (SPECT). Because of intractable epilepsy, four underwent chronic stereotactic implantation of depth electrodes (SEEGs), guided by individual non-invasive data according to the methodology of Talairach and Bancaud. 8 One had intracarotid amobarbital testing to determine the dominant hemisphere. In the other patients, testing was not indicated as the left hemisphere was clearly dominant and no memory disorders were seen. Six had cortical resections. The extent of the resection was tailored according to the results of anatomoelectroclinical correlations. The outcome was evaluated with Engel's classification. 9 We tried in each patient to correlate the appearance of the fear during the fits with electrical modification (EEG or SEEG).
Results
The demographic data are summarised in table 1. The neurological examination was normal in all. There was no personal or familial history of psychiatric disorders in any of the patients.
The clinical description of the recorded seizures is given in table 2. There was no loss of consciousness in seven patients, a possible short lasting one in patient 6. Fear and autonomic "panic attack-like " features were prominent and were the only features reported by the patient or his or her family. Ictal observation by an epileptologist showed early chewing (four) upper limb dystonia (two), leg beating (three), or a few jerks of a limb or the chin (two). These features were unknown before EEG recording. Fear always followed the initial subjective sensation or aura in the five patients who had such symptoms (table 2) .
Behaviour varied considerably among the patients: two were motionless (patients 2 and 6), six were furiously agitated, five at the apparent onset, and one later who progressively lost her self control (patient 5). The subjective sensations are also diVerent among the eight patients. Three of them feared possible hallucinations. One expressed fear during the seizure: "I feel a black shadow, like a shadow on a wall, frightening me and trying to harm me, to kill me. It is behind me. I cannot say if it is a woman or a man; it has no face. It is like a skull. I feel cold. I am going to die" (patient 5). As a child at onset of his seizures, another patient (patient 3) expressed fear saying "I'm afraid of a wolf "; more recently he did not say this but it was diYcult to assess his fear postictally because of aphasia and amnesia. A few seconds after one SEEG recorded seizure, the third patient (patient 4) said that she had seen the picture of her cousin as a child lacerated with barbed wire, but she denied this 30 seconds later, forgetting why she was afraid. This may explain why she never spoke of this hallucination because she had never been asked about it soon enough after a seizure. Two patients said that they were afraid too but did not know why (patients 1 and 8). In three patients (patients 1, 2, and 6), facial expression and behaviour suggested fear; they asked people around them to stay with them, gripping the hand of the nearest witness. But when questioned postictally they did not express fear, perhaps because of amnesia of seizure (patient 1).
Localisation of the onset was definitively determined by electrophysiological and SPECT correlations including an ictal SPECT pattern typical of temporal lobe seizure in four patients 10 and suggesting frontal anteromesial onset in one (table 3) . Six patients underwent cortectomy; all were seizure free (Engel class 1) at the last follow up, although the follow up was very short for two of them. The epileptogenic zone was right temporal in three right handed patients, left temporal in three including one authentic left handed patient, bitemporal in one, and right anterior mesiofrontal in one. The epileptogenic zone was thus located in the non-dominant hemisphere in six patients.
In the four patients investigated with SEEG, electrodes were implanted in the temporal and frontal lobes (especially in the anterior cingulate and orbitofrontal regions). In patient 1, fear appeared 1 minute after electrical onset of the seizure in the amygdala, when the ictal fast discharge involved the external temporal lobe and slow waves the frontal lobe. In patient 5, the ictal discharge began in temporal internal structures and fear appeared only 50 to 60 seconds after the beginning of the discharge; the external temporal cortex was involved in most seizures (but not in all) showing a fast discharge at this moment. Slow waves, but never a fast discharge, were concomitant in the frontal cortex. Stimulation of amygdala evoked the fear and the sensation of a shadow behind her but without the usual ictal fear behaviour associated with a fast discharge limited to the amygdala. In patient 3, agitation appeared 30 seconds after electrical onset in limbic structures and 20 seconds after fast ictal discharge propagation in the external cortex, at a time when ictal fast discharge involved the anterior cingulate. Occasionally, the patient had an isolated discharge in the internal temporal regions associated with an isolated strange feeling but no fear. In patient 4 the SEEG recordings disclosed that fast discharges limited to the anterior cingulate region evoked palpitations simultaneously with heart rate acceleration. Fear and agitation appeared when the discharge was faster (>50 Hz) and more widespread, extending to the orbitofrontal region and the inferotemporal cortex. But no discharge was seen in the amygdala (figure). Electrical stimulation (50 Hz, 2 seconds, 2.5 mA) triggered the same electroclinical seizure if applied in the anterior cingulate, whereas stimulation of amygdala did not evoke any symptom.
In conclusion, in the four SEEG recordings, involvement of the amygdala alone did not produce fear manifestations. Fear behaviour occurred at the time when certain structures of the frontal lobe were perturbed by the ictal discharge, either directly if the discharge began or propagated in the frontal lobe (two patients), or indirectly as indicated by slow waves (two patients). 
Discussion
Panic attacks are characterised by a sudden, spontaneous onset of intense fear or discomfort with distressing body organ symptoms usually accompanied by thoughts of dread, impending death, or fear of being trapped, losing control, or going crazy. According to the DSM IV, 11 there is no definite minimum duration to qualify as a panic attack but most clinicians consider that a few minutes is the very least. Among our patients, one (patient 2) had seizures of a duration consistent with panic attacks. The age of onset of panic disorder is in late adolescence or early adulthood. Only one of our patients had an onset later than in childhood. People with panic disorders have full
SEEG data. (A) lateral view of the depth electrode implantation on the patient's 3D MRI. (B) x Ray film of the skull during depth electrode recording showing the implantation. The positions of the electrodes were determined with sterotactic landmarks in accordance with the method described by Talairach et al. 8 Right electrodes: F=medial frontal cortex (internal contacts), superior frontal gyrus (external contacts); P=medial frontal cortex (internal contacts), middle frontal gyrus (external contacts); L=within the lesion close to the anterior cingular gyrus (internal contacts), middle frontal gyrus (external contacts); O=supraorbital region; I=frontal opecular region; A=amygdala (internal contacts), middle temporal gyrus (external contacts). Left electrode: O'=facing the lesion in the anterior cingular gyrus (internal contacts), middle frontal gyrus (external contacts). (C)
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www.jnnp.com group.bmj.com on October 9, 2016 -Published by http://jnnp.bmj.com/ Downloaded from recollection of the attacks. Half of our patients had amnesia of their seizures. In seven patients, the associated symptoms, particularly buccal automatisms, strongly suggested involvement of the internal temporal region. In the eighth case, the diVerential diagnosis of nightmares could be ruled out because of the short duration and frequency of the episodes. Both patients with panic attacks or partial seizures may have anticipatory anxiety about having another episode. Both may have behavioural changes related to their attacks or seizures. The diVerential diagnosis can usually be ruled out because of the recollection or amnesia of the episode, its duration, the age of onset, and the symptoms which occur with fear. However, in some cases, discrete episodes of fear might be consistent with either panic attacks or partial seizures. It would be then advisable to use video EEG in some cases when the diVerential diagnosis is diYcult to establish, to note any clinical signs wich may have gone unnoticed and evidence an ictal discharge.
Fear in our series of patients was diVerent from the isolated feeling described in temporal mesial epilepsies: a vague feeling associated with an ascending epigastric sensation.
12 Fear in our patients was associated with an expressed or observed emotion, autonomic disturbances, and a complex behaviour combining a call for help, agitation (six patients), or frightened immobility (two patients). In the two patients whose fear sometimes involved a frightening hallucination, this symptom was diVerent from an ordinary dreamy state as mental diplopia was lacking.
In epileptic patients, fear has been evoked by electrical stimulation. When the hippocampus or amygdala are stimulated, the evoked fear sensation is very diVerent from a panic attack. 6 12-14 Bancaud et al 7 stimulated the anterior cingulate and evoked complex motor behaviour and sometimes a feeling of fear in epileptic patients but the behavioural disturbances dominated the symptomatology. In our experience lower intensity stimulation of the anterior cingulate never induced fear or a fear behaviour, even though it evoked a local postdischarge.
Isolated intense fear comparable with that in one of our patients has been rarely reported as an ictal manifestation of temporal lobe epilepsy. The localisation of seizure onset in the temporal lobe has been proved by ictal scalp EEG 15 or deep electrode explorations and surgery results [1] [2] [3] but the involvement of the frontal lobe has not been investigated. Wieser 16 reported on a patient with recurrent status in which fear was one of the most relevant features. During the SEEG recording, isolated anxiety was correlated with a discharge in the right hippocampus. The visceral symptoms were more pronounced when the amygdala was involved. The author did not state what activity occurred on frontal electrodes. Almayehu et al 5 described two patients having parietal astrocytomas with "panic attacks as ictal manifestations of parietal lobe seizures". However, temporal and frontal structures were poorly explored and it is not known whether fear was correlated with a discharge limited to the parietal cortex or not.
In six of our eight patients (75%), the epileptogenic zone was situated in the nondominant hemisphere. The predominance of this hemisphere, already mentioned in the early reports, 17 was confirmed by interictal recordings in 15 patients who expressed their fear at the beginning of their seizures, including 13 recordings with subdural electrodes. 18 We also found a clear female predominance.
Our SPECT and SEEG data give arguments for an important role of the prefrontal cortex. In our three SEEG recordings of temporal epilepsy, amygdala involvement alone did not produce fear manifestations. Agitation could be correlated with frontal lobe activity secondary to temporal discharge; this involvement or disorganisation appeared as a fast discharge only in one patient and slow waves in two others. In our patient with frontal lobe epilepsy, the amygdala was not involved; fear and panic behaviour were correlated with anterior cingulate, orbital, and neocortical temporal discharge. This ictal network is not surprising because reciprocal anatomical connections between the amygdala and orbitofrontal as well as anterior cingulate regions have indeed been proved to be strong. 19 There could be three explanations to the fear behaviour in our patients. Firstly, the autonomic symptoms related to amygdala discharge could induce the secondary sensation of fear (patients 2 and 8). Secondly, the initial ictal subjective sensation could activate specific networks relying on previous experiences in the prefrontal cortex, which in turn, projects to the amygdala, anterior cingulate, and basal ganglia. They activate the autonomic nervous system, dispatch signals to the motor system, and activate endocrine and peptide systems as well as non-specific neurotransmitter nuclei in the brain stem. This would be in agreement with the theory proposed by Damasio concerning emotions 20 21 with the changes related to "somatic markers". Thirdly, the activation of neuromodulatory nuclei in the brain stem could bypass the body, especially in known situations. The subcortical pathways activated by the epileptic discharge could directly evoke fear behaviour, even without conscious autonomic disturbances or ictal discharge in the prefrontal lobe.
A common anatomical basis for these epileptic seizures and panic attacks could be inferred from animal studies, observations in humans with lesions of the limbic regions or areas modulating limbic regions, 22 and PET studies in panic attacks. 23 24 In some patients, fear can occur concomitantly as an epileptic feature and as a panic attack, as in one patient reported by Weilburg et al. 25 These authors suggest that a discharging epileptic focus stimulating temporal limbic structures, especially the amygdala, may facilitate novel sensory-emotional associations.
Conclusion
Fear behaviour can predominate in certain epileptic seizures, requiring careful diVerential diagnosis with panic attacks. Our data suggest that in intense ictal fear, with coordinated behaviour and autonomal features, the discharge may involve or interfere with a physiological complex information processing network. This network involves orbito-refrontal, anterior cingulate, and temporal limbic cortices.
